INTRODUCTION
After inventing of TRIZ methodology by Genrikh Saulovich Altshuller in late 1950's the innovation process became structured and Ideal Final Result (IFR) oriented [01] , [02] . Many new patents are made with the use of Altshuller's contradiction matrix [03] , [04] that helps to resolve technical contradictions. The proper understanding of the quintessence of the physical phenomena and their effective exploitation in technical systems also provides a firm platform for innovations [05] . This holds true especially for material physics. The material physics of sapphire single crystal reveals a promising future for application of this material in nanotechnologies [06] . Especially, titanium doped sapphire single crystal indicates a great potential in a production of wafers for solar cells, LEDs, and other nano-applications in a semiconductor industry [07] , [08] , [09] . The transparent form of sapphire single crystal called leuco-sapphire is finding its way in optical applications and photonics [10] , [11] . The promising future of the sapphire single crystal applications brings a rising demand for a complete automation of the production process of this synthetic mineral. The Central European Institute of Technology (CEIT) in Slovakia addresses the automation issue by innovating of the Bagdasarov -Horizontally Directed Crystallization (HDC) process. The proposed solutions in this paper were made by utilizing the TRIZ methodology into a production of sapphire single crystal. All described activities were part of industrial project focused on research and development of technology for the production of sapphire single crystal (hereinafter referred to as Sapphire Project).
METHODOLOGY
For a proper identification of areas for possible improvements of the Bagdasarov apparatus the thorough analysis of entire HDC system has been performed. The analysis of the technological process of the sapphire single crystal growth revealed the bottle neck process that prevents its full automation. This process is the observation of the crystallization front (CF) during the growth process. The crystallization front is the boundary region between the single crystal and the melted aluminum oxide. The gradual sedimentation of the opaque alumina film onto the surface of the observation window diminishes the transparency of the window. This way the main function of the observation system, the transmission of the information about the position and shape of the crystallization front, is corrupted. Since the polluting of the window is a continuous and permanent process, it is very important to find a suitable and effective solution. The nine window analysis uncovered the system development in time as well as subsystem-system-supersystem bonds - Figure 3 .
After thorough analysis and identification of the critical area, the synthesis of the technical solution took place. The smart little people model combined with ARIZ (algorithm of inventive problem solving) resulted in several working concepts. From the set of obtained solutions, two the most promising concepts were elaborated into detail:
The concept of mechanical shield Laser ranging concept The former one was constructed and implemented in Bagdasarov oven for sapphire single crystal growth from melt. The latter one was tested under the laboratory conditions. The lifetime calculation of the protected observation window verified the efficiency of the TRIZ methodology application in the problem solving.
PROBLEM FORMULATION
The use of ARIZ-86C requires precise formulation of the problem: The Bagdasarov method of sapphire single crystal growth utilizes heating elements for melting of aluminum oxide (Al2O3). The Al2O3 is placed in a boat shape container which is slowly shifted through the Hot Zone - Figure 2 . As soon as the melted aluminum oxide reaches the sapphire germ, the crystallization process starts. The boundary between melt and created crystal, the crystallization front, is observed from above via observation window. Despite near vacuum pressure conditions during the crystallization process, some free aluminum atoms sediment onto cooler inner surfaces of the oven. The opaque aluminum deposit pollutes the observation window. Because of this nontransparent film on the observation window the feedback from the position and shape of the crystallization front is restricted and gradually cancelled. Therefore the inventive task is to ensure the observation window protection with minimal changes to the system.
IDEAL FINAL RESULT

This leads to four possible Ideal Final Results:
The polluting exhaust is not produced at all -the window stays clean; Although the polluting exhaust is produced it does not reach the surface of the window; Despite the polluting exhaust is produced and it reaches the window it does not stay there -the polluting particles leave the surface of the observation window; Even though the polluting exhaust is produced and it sediments on the window, the transparency of the window remains unaffected -the sediment itself becomes transparent; The further solution search has to converge to any of the listed ideal final results (IFR).
SOLUTION SEARCH
From the problem formulation it is evident that there is a conflicting couple -observation window and Al+ exhausts. In terms of TRIZ terminology, the product is the window and the instrument is represented by Al+ exhausts. The conflict zone is the inner surface of the observation window during the high temperature inside the Hot Zone, with the presence of aluminum oxide. Aiming the first ideal final result (IFR1) we can state the following technical conflicts:
The technical conflict (TC1):
The temperature inside the Hot Zone is high, the sapphire is produced, but Al+ exhausts pollute the inner surface of the window - Figure 4 1.
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• The technical conflict (TC2):
The temperature inside the Hot Zone is low, the window stays transparent, but the sapphire is not produced -Figure 5 To preserve the main function of the system, the sapphire production, the first technical conflict has to be favored. To resolve the technical conflict it is necessary to introduce X-element that will conserve the sapphire production while: Preventing the production of exhausts (IFR1) -either by making retentive outer layer of the Al 2 O 3 melting charge, which does not affect the quality of the sapphire - Figure Acting on sediments and making them transparent (IFR4) -e.g.: creating transparent polycrystalline alumina (TPCA) layer; It is very important to emphasize, that pressure conditions are so low (P = 10−3 Pa), that only molecular flow of particles takes place inside the vacuum chamber during the crystallization process. According to this fact, many solutions including the laminar and turbulent flows of particles are retrenched. Another restriction on the solution search is a low price and a high simplicity of the result. Therefore, many concepts, such as filtration of the charged particles by ionic sputter pump in front of observation window are disregarded. With respect to the given criteria IFR1 has been declined, since we are not able to introduce any material changes to keep the high quality of the resultant single crystal. IFR3 was declined due to inability of current protective coating layers (e.g.: nanotechnology coating) to withstand such high temperature inside the furnace. The same holds for the additives that would disable pollutant atoms/ions to attach to the observation window 4.
and leave the quality of the single crystal unaffected. IFR4 was disregarded due to very strict conditions needed for transparent polycrystalline alumina production. The energetic investment into creating such conditions would significantly raise the price of the final product. Therefore, IFR2 became the reachable hot favorite that we decided to aim for.
PHYSICAL CONTRADICTION
The crystallization of the leuco sapphire is a very sensitive process when it comes to impurities. The resultant leuco sapphire has to fulfill strict quality requirements. Therefore, any substances that can affect the product quality are forbidden. Aiming the IFR2 by changing the direction of propagation of pollutant atoms, the physical contradiction shall be formulated. Since the system in this form does not contain any easily changeable elements, the ambient environment (the atmosphere inside the vacuum chamber) shall be considered as an X-element. Thus, the statement of physical contradiction (for IFR2) is: The inner atmosphere shall be passable for the light from crystallization front to reach the observation window, but it shall be impassable for pollutant atoms to reach the surface of the window. The physical contradiction in this form can be solved with the help of separation principles.
THE CONCEPT OF MECHANICAL SHIELD
Since the crystallization process is a slow process and there is no need in continuous observation of the crystallization front, the observation window can be covered by the mechanical shield - Figure 11 . The mechanical shield is opened only during the CF reading periods and vast majority of time it protects the window - Figure 12 . This concept allows both manual and automatic operation. To make a clear field of view during readings, the tube connecting the vacuum chamber and the observation window has to have a square cross-section. The prolongation of the service life of the observation window can be calculated according to the formula:
η=(1-T R /T T ).100%
Where [%] is the percentage of lifetime prolongation, TR is the read out time, TT is the total time of the crystallization process. In this formula, it is assumed, that the sedimentation is continuous during the sapphire growth. If there are needed 100 readings, each lasting for 2 seconds (T R = 200s) and the growth process lasts for 4 days (T T =345600s) then the lifetime prolongation of the window, using the mechanical shield, is η = 99.94%. Besides the simplicity and efficiency of this solution the ease of implementation has to be mentioned. The original interface for the observation window grip is utilized and the measuring method is preserved. The physical contradiction arisen from the IFR2 -the window should be transparent during the reading and covered otherwise, has been resolved by separation in time.
THE LASER RANGING CONCEPT
The second method for resolving the physical contradiction is a separation in space: One part of the inner atmosphere has to be passable for the light, while another part of the inner atmosphere has to be impassable for pollutant atoms.
In this case a mechanical barrier shall be introduced to separate the two regions. Knowing the fact, that the leuco-sapphire single crystal is optically transparent material for a wide range of wavelengths [12] and assuming that the laser beam will be reflected back from the crystallization front, the laser ranging concept can be formulated. Since the leuco-sapphire germ is also transparent, the protective tube can connect the germ with observation window - Figure 13 . This way the tube is enclosed from both ends. Polluting atoms can sediment on the outer surface of the tube, leaving the inner surface clean. The laser ranging concept is based on the horizontal laser ranging of the crystallization front (CF). The precise time measurement between the sent and received laser pulses will allow accurate localization of the CF. Since one part of the protective tube enters the inside of the Hot Zone (temperature T=2100°C), the tube has to be made of molybdenum. The other end of the protective tube leaves the vacuum chamber into standard laboratory conditions (temperature T=21°C). Thus, special sealing interface has to separate both regions and in a meanwhile allow the shifting of the boat container. The biggest advantage of this concept is a permanent measurement of the crystallization front. The novelty of the proposed solution is counterbalanced with the need in modification of the shifting mechanism as well as the use of expensive materials. The last but not least, the laser point sensor available on the market e.g.: [13] , that fulfills the imposed requirements, has to be modified to fit into the system.
CONCLUSION
The complete automation of the sapphire single crystal growth process is very feasible for the further reduction of the production costs of this unique material. Company CEIT introduces new concepts that resolve the critical issue restraining the Bagdasarov HDC growth process Štefan Medvecky -Triz and HDC sapphire growth process from further removing of the human factor. The search for the win-win solutions avoiding unfavorable compromises requires new approaches employing creative problem solving. TRIZ methodology allows addressing such challenges and brings new insight into the solution search. The obtained concepts are contributing to significant improvement of the sapphire single crystal growth process and provide a promising platform for future innovation.
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